Introduction
Healthcare organizations continuously increase information technology (IT) budgets (Martz, Zhang, & Ozanich, 2007) to reduce healthcare mistakes, improve patient safety, and minimize human error. One example is the mobile information system, which is already an extremely important tool in healthcare operations (Lu, Yan, Sears & Jacko, 2005) . Mobile information systems using wireless sensor network technology are now utilized in emergency medical services, a service that combines devices such as global position system receiver, pulse oximeter, blood pressure cuff, temperature sensor, and electrocardiogram sensor (Gao et al., 2008) . Wearable sensors are also used to evaluate Parkinson's disease (Patel et al., 2009 ). The increasing use of IT in healthcare led Martz et al. (2007) to posit that healthcare service efficacy and efficiency can be improved through informatics technology and systems and, thus, provide higher-quality healthcare for patients.
The advantages of IT led the American Nurses Association to recognize nursing informatics as a specialty in 1994 (Murphy, 2010) . Maag (2006) suggested assessing nursing students for computer competency during the admission process and then providing appropriate courses on computer skills. Thompson and Skiba (2008) also believed computer skills necessary to work in a technology-rich healthcare environment to already be an essential part of the nursing profession.
Information literacy is the ability to recognize when and what information is needed and understanding how to acquire, evaluate, and utilize needed information effectively (American Library Association [ALA], 1998). Computer literacy means the ability to use a computer (Cole & Kelsey, 2004; McClure, 1994) . Computer competency in nursing is the ability to use computers and IT in the nursing practice (Jiang, Chen, & Chen, 2004; Lin, Lin, Jiang, & Lee, 2007) . Although many researchers have discussed issues related to computer literacy (Bataineh & Baniabdelrahman, 2006; Lupo & Erlich, 2001; McDonald, 2004) and computer competency in nursing (Cole & Kelsey, 2004; Elder & Koehn, 2009; Jiang et al., 2004; Mcneil, Elfrink, Beyea, Pierce, & Bickford, 2006; Saranto & Leino-Kilpi, 1997) , little attention has been paid to the validity of scales used (see Table 1 ). Elder and Koehn (2009) noted the lack of an appropriate method to assess newly enrolled students' computer skill levels. Therefore, this study developed a computer literacy scale for newly enrolled students and investigated their current levels of computer literacy to develop computer courses appropriate to these students' skill levels and needs. Because of the critical nature of scale construct validity (Rahim & Magner, 1995) and because confirmatory factor analysis (CFA) is a powerful method to investigate construct validity of a measure and provide more precise criteria for assessing convergent and discriminant validities (Rahim & Magner, 1995) , this study applied CFA to test validity and reliability.
Literature Review
Differences among information literacy, computer literacy, and computer competency Information literacy is the ability to recognize when and what information is needed and how to acquire, evaluate, and utilize these needed information effectively (ALA, 1998 (Wen & Shih, 2008) .
Computer literacy means the ability to use a computer (Cole & Kelsey, 2004; McClure, 1994) . McClure (1994) (Anderson, Klassen, & Johnson, 1981) , the ability to use a computer (Cole & Kelsey, 2004; McClure, 1994) , and the ability to use computers to solve problems (Anderson et al., 1981; Van, Kletke, & Chakraborty, 1994) . Easton and Easton (2004) argued that, because of rapidly evolving IT, the definition of computer literacy can also be expected to evolve over time.
Competence refers to the skills, knowledge, and abilities needed to perform tasks (Ireland et al., 2007) . Computer 
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Note. Shaded cells indicate items unique to the nursing profession. VOL. 19, NO. 4, DECEMBER 2011 Computer Literacy Scale competence in nursing is the knowledge and skills necessary to use computers and IT in nursing practice (Jiang et al., 2004; Lin et al., 2007) . Information literacy and computer literacy are, thus, different concepts. Information literacy can be broadly defined as acknowledgement of information needed and the ability to search, analyze, organize, and apply information. Computer literacy is a narrower concept that indicates the ability to operate computers. Computer competence is computer literacy specifically related to job tasks. Thompson and Skiba (2008) investigated the members of the National League for Nursing and found that most respondents (56% of faculty and 58% of administrators) held computer literacy as significantly more important than information literacy for nursing students.
Assessment of computer literacy and computer competence in nursing
Many studies have assessed computer literacy from various perspectives. Lupo and Erlich (2001) focused on curriculum design and attempted to develop a distance learning curriculum framework related to computer literacy. McDonald (2004) defined computer skill prerequisites for college students. Bataineh and Baniabdelrahman (2006) developed a 19-item scale to evaluate the computer literacy of students of English as a foreign language at Yarmourk University (see Table 2 ).
Numerous studies have also used various methodologies such as Delphi (Jiang et al., 2004; Saranto & Leino-Kilpi, 1997) , qualitative survey (Mcneil et al., 2006) , and quantitative survey (Cole & Kelsey, 2004; Elder & Koehn, 2009) to investigate computer competency in nursing. Saranto and Leino-Kilpi (1997) used the Delphi technique to investigate the level of computer literacy necessary in nursing education and found basic skills to include basic computer operation, word processing skills, spreadsheet and database experience, and Internet skills to include the ability to use E-mail. Mcneil et al. (2006) used Spradley's ethnographic method to investigate the computer literacy likely to be required of nurses in the future and found basic skills to include software applications, Web learning, peripheral device use, and database applications. Jiang et al. (2004) and Lin et al. (2007) recognized seven major computer competency domains necessary for the nursing profession, including hardware, software, and network concepts; computer application principles; computer use skills; programming design; computer limitations; personal and social issues; and attitudes toward computers. Table 2 clearly illustrates the difference between computer literacy and computer competency in the nursing profession. Common elements of computer literacy for college student are computer hardware, peripheral devices, Microsoft Office, picture editing softwares, and database applications. The shaded cells in Table 2 indicate items unique 
Instrument Development
This study referenced the scale development process suggested by Hinkin (1998) to develop the computer literacy scale.
Items generation
This study developed an assessment scale for newly enrolled university students. In Taiwan, courses on informatics in high school follow the Ministry of Education (MOE) guidelines defined in the Information Technology Introduction, which covers computer hardware, computer software, computer networks, computer problem solving, and IT and society. The MOE guidelines for technical schools include computer technology and modern living, computer hardware and software, software applications, network concepts and applications, and information security and ethics. The scale developed in this study is based on the MOE course guidelines and relevant literatures on computer literacy and computer competency. Thus, researchers developed six constructs (domains) and corresponding measurement items. Each construct included an initial four measurement items, as shown in Table 3 .
Content validity
This study used content validity index (CVI) to test the content validity of computer literacy measurement items. Eleven experts from our school and other institutions were recruited, including three nursing educators, three information management experts, two infant and child care education experts, two exercise and health science experts, and one healthcare management expert. These experts were invited to test content relevance by providing ratings ranging from 1 (very inappropriate) to 5 (very appropriate). The CVI was computed as n/N, with n representing the number of experts assigning a score of 4 to 5 and N representing the total number of experts. A CVI larger than .8 was considered good. A CVI between .6 and .8 was considered acceptable but requiring modification based on experts' suggestions. Of the 24 items, all scored higher than .82, except for MM3, which scored .73. After adjustment of MM3, this study had a total of 24 measurement items (see Table 3 ).
Pretest
Thirty newly enrolled first-year nursing students attending the Information Literacy and Network Application course were recruited for pretesting to confirm item reliability. The pretest questionnaire had two sections, with 8 questions in the basic information section and 24 questions for the six constructs in the computer literacy section. A 7-point Likert-type scale was used, with scores ranging from 1 (completely disagree) to 7 (completely agree). Note. SW = software; HW = hardware; MM = multimedia; NW = network; IE = information ethics; IS = information security.
Initial item reduction
We conducted the first round survey at the beginning of the course and collected 183 usable questionnaires. The study conducted an EFA to refine the initial 24-item scale. The KeiserYMeyerYOlkin measure of sampling adequacy was .824, and Bartlett's test of sphericity was significant (# 2 = 2795.69, p G .001), indicating factor analysis suitability. An EFA was conducted using principal component analysis and a varimax rotation to estimate the total variance explained by the specific items. The rule of eigenvalues greater than 1 was employed to determine the total number of factors. An EFA of 24 variables revealed six factors with eigenvalues greater than 1 and explaining 71.76% of cumulative variance. Because of a desire for parsimony and simple structure in the scales, this study dropped two low-factor loading items (SW4 and IS4; Table 4 ) and retained 22 items in the final version of the scale.
CFA, convergent validity, and discriminant validity Content validity, pretest, and EFA confirmed content validity and internal consistency (Hinkin, 1998) . Therefore, the study followed Hinkin's suggestion of assessing factor structure quality using CFA to test the significance of the overall model (scale) and item loading on factors.
Computer literacy was a multidimensional construct.
Researchers including Lupo and Erlich (2001), McDonald
(2004), Mcneil et al. (2006) , and Elder and Koehn (2009) all used multiple variables to assess computer literacy. This study used the six constructs (domains) of software, hardware, multimedia, network, information security, and information ethics to evaluate computer literacy. Bagozzi and Jeffrey (1998) argued the total disaggregation model as the most concrete representation of the global construct. In this model, each item is treated as a separate indicator of the construct, with all constructs correlating with one another and composing the entire global construct (scale). Therefore, our proposed model for computer literacy comprised a six-correlated-factor model (see Figure 1) .
Fit statistics used to assess model consistency with data included chi-square values normalized by degrees of freedom (# 2 /df; criterion e 3), goodness of fit index (criterion Q 0.8), normed fit index (NFI; criterion Q 0.9), comparative fit index (CFI; criterion Q 0.9), TuckerYLewis index (criterion Q 0.9), and root-mean-square error of approximation (RMSEA; criterion e 0.08; Lin, 2008) .
Convergent and discriminant validities should be used to assess scale acceptability (Wu, Wang, & Tsai, 2010) . This study assessed convergent validity using factor loadings for all items (criterion 9 0.7), composite reliability (CR; criterion 9 0.8), and average variance extracted (AVE; criterion 9 0.5; Hair, Black, Babin, Anderson, & Tatham, 2005) . In terms of discriminant validity, we compared the Figure 1 . Confirmatory factor analysis model for the six-factor computer literacy scale. SW = software; HW = hardware; MM = multimedia; NW = network; IE = information ethic; IS = information security.
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Computer Literacy Scale square root of the AVE with correlations among the constructs. A square root for the AVE greater than the correlation with other constructs indicated good discriminant validity (Hair et al., 2005) .
Ethical Considerations
All participants were assured of anonymity. Researchers informed them that their participation was wholly voluntary and that they could withdraw at any time.
Data Analysis
We used SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA) to conduct descriptive statistics, independent t test, EFA, and one-way AVOVA. We used AMOS 17.0 to conduct CFA.
Results
Background Variables and Current Computer Literacy
The second-round survey held midway through the course collected 270 usable questionnaires, with 166 submitted by Nursing department students (61.5%), 49 by Infant & Child Care department students (18.1%), 55 by Exercise & Health Science department students (20.4%). Over threequarters (214, 79.3%) were women. The average score for each construct was as follows: SW = 5.5703, HW = 4.2229, MM = 4.9157, NW = 6.1491, IE = 4.9096, IS = 5.1265. Using a one-way ANOVA, this study found no significant differences in overall scores for computer literacy between the three different departments (F = 1.467) and significant differences between software and multimedia constructs. Scheffe's post hoc analysis showed that Nursing and Infants & Child Care department students had superior software literacy compared with Exercise & Health Science department students. In terms of multimedia literacy, Infants & Child Care department students had better scores than their Exercise & Health Science department peers.
Because of interdepartmental differences in software and multimedia, this study further grouped all respondents into two other data sets, namely Nursing and Infants & Child Care department students (n = 215) and Nursing department students (n = 166). Independent t-test results indicated that men are relatively better in hardware than women are. The analysis found no significant interdepartmental Note. SW = software; HW = hardware; MM = multimedia; NW = network; IE = information ethic; IS = information security. *p G .05. **p G .01. ***p G .001.
differences for any construct. Please refer to Table 5 for details.
Scale Validation
Fit statistics This study used AMOS 17.0, a software program for structural equation models and CFA, to compare differences in model fitness among the three data sets. An overall model fit to assess whether the model was consistent with the data included # 2 /df, goodness of fit index, NFI, CFI, TuckerYLewis index, and RMSEA. Over 30 goodness-of-fit indices have been used in CFA, with many measures sensitive to sample size differences (Hinkin, 1998) . Hinkin suggested CFI as the most appropriate index to determine model-to-data quality of fit. In terms of the nursing student data set (n = 166), four of the six fit statistics met the criteria, including CFI. Other indices (NFI and RMSEA) were only slightly below (beyond) the criteria (see Table 6 ). Results indicated all the fit statistics as within acceptable range.
To develop a computer literacy scale for newly enrolled nursing students, the following analysis used only the Nursing department student data set (n = 166). Item normality was assessed using skewness and kurtosis (Milfont & Duckitt, 2004) . Absolute values for univariate skewness and kurtosis Note. Recommended values are adopted from Lin (2008) . GFI = goodness of fit index; NFI = normed fit index; CFI = comparative fit index; TLI = TuckerYLewis index; RMSEA = root-mean-square error of approximation.
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Computer Literacy Scale measures for the 22 items (skewness, 0.109Y1.349; kurtosis, 0.078Y1.348) were below the upper limits of 2 and 7 (West, Finch, & Curran, 1995;  Table 7 ). Multivariate normality was assessed using the Mardia coefficient. The value of 177.512 was below 528, a number derived as follows: items Â (number of items + 2) (Bollen, 1989) .
Convergent and discriminant validities
Convergent validity was assessed using factor loadings for all items, CR and AVE. Factor loadings for all items were well above .7, CR values for all constructs were above the recommended level of .70, and AVE values for all constructs were higher than the suggested threshold value of .50 (Hair et al., 2005) . These results show the good convergent validity of our scale (see Table 8 ). Discriminant validity was shown by comparing the square root of the AVE (bold figures on the diagonal) with correlations among constructs. Results indicate each construct as more closely related to its own measures than to the measures of other constructs. This result supports discriminant validity (Hair et al., 2005;  Table 8 ).
The above results indicate the good content validity, reliability, convergent validity, and discriminant validity of our scale. This study also found that participants (both all participants and the subset of Nursing department students) earned the highest scores on the network domain and the lowest scores on the hardware domain. (ALA, 1998; ACRL, 2000) ; computer literacy means the ability to use a computer (Cole & Kelsey, 2004; McClure, 1994) ; and computer competence indicates ability to use a computer to accomplish job tasks. In this study, participants earned the highest scores in the network domain, which covered such knowledge as collecting information using search engines and using communication software to communicate with others. The next highest scored domain was software, which covered knowledge related to using applications such as word processing and presentation software. The lowest scores in this study were in the hardware domain, followed by information ethics. Our results were similar to Hindi, Miller, and Wenger (2002) , who also focused on university freshmen. They investigated the self-perceived computer literacy of first-year university students and found better perceived skills for word processing than for spreadsheet and database applications and limited prior contact with ethical, social, and legal issues.
Considering other studies of college and university nursing students, our results were similar to those of Lin et al. (2007) and Elder and Koehn (2009) . Lin et al. (2007) studied professional nurses in N1YN4 and found the highest competence in computer application principles (e.g., using WWW to search information) and the lowest in programming. Elder and Koehn (2009) investigated the self-rated computer competencies of nursing students and RN-BSN students at a Midwestern university and found the highest competencies in word processing and Internet usage and the lowest competencies in special programs (e.g., using database and spreadsheets).
Most college students have already taken basic computer courses in high school. Thus, Hindi et al. (2002) argued that university-level computer courses should extend rather than repeat coverage. Maag (2006) also suggested assessing the computer competency of nursing students at admission to provide necessary academic training. Saranto and Leino-Kilpi (1997) , Jiang et al. (2004) , Mcneil et al. (2006) , and Elder and Koehn (2009) investigated the computer competence of nursing professionals. The following issues should be considered when determining the computer courses needed for university nursing students: statistical package, database, medical databases, hospital information, and Web learning.
Limitations of this analysis included the nonrandom selection of students and their recruitment from one university only. The instrument has not yet been applied and assessed with other campus populations. Further testing with random samples and from other campus should be conducted.
Conclusions
Before attending a university, students have already attended basic computer courses at the high school or technical school level. To effectively extend students' computer knowledge and abilities, we should first assess current computer literacy and then further cultivate computer competence through well-designed courses. No suitable scale is currently available to evaluate the computer skills of newly enrolled students. Therefore, this study developed a scale specifically to assess the computer skills of new nursing students.
This study was based on the framework provided by the MOE guidelines for high school and technical school IT courses as well as literature on computer literacy and competence. This study developed a computer literacy assessment scale that involved the six major domains of software: hardware, multimedia, networks, information ethics, and information safety. This scale was shown to have good content validity, reliability, convergent validity, and discriminant validity and is recommended as an excellent computer literacy assessment tool for newly enrolled nursing students.
In terms of the current level of students' computer literacy, this study found that students scored highest and second highest in the network and software domains, respectively, and lowest and second lowest in the hardware and information ethics domains, respectively. The authors recommend placing greater emphasis on enhancing education in domains receiving relatively low scores.
Implications for Nursing Education
This study achieved results similar to Elder and Koehn (2009) in our finding that newly enrolled nursing students had higher literacy in network and software domains. Our findings, thus, conclude that education emphasis may be reduced in areas such as nursing informatics, word processing, and networks and increased in areas such as database and relevant programming topics.
With the increase in IT devices such as tablet PCs, personal digital assistants, and wireless medical devices transmitting data through Zigbee, WiMAX (worldwide interoperability for microwave access), and Wi-Fi (wireless fidelity), it is important to increase the hardware competence of professional nurses. Therefore, courses related to hardware should be increased to improve nurse problemsolving capabilities. This study further found that computer education in high school and technical school places insufficient emphasis on information ethics. In light of increasing cybercrime, emphasis on information ethics should be increased in nursing computer courses to protect patient privacy.
